Introduction
In Taiwan, 4.97% of those older than 65 years had dementia, 1 which is a heavy burden to carry for the family members of patients with dementia and their caregivers and community, and the society as a whole. [2] [3] [4] [5] Previous studies had found that the human immunodeficiency virus (HIV) infections were associated with HIV-associated neurocognitive disorders (HAND) 6 and HIV-associated dementia (HAD). 7 Many HIV patients developed HAD in the early years of the acquired immunodeficiency syndrome (AIDS) epidemic. 8 While HAD decreased in the highly active antiretroviral therapy (HAART) era during these decades, 9 HAND, with mild and fluctuating symptoms, rather than being constantly progressive as seen in dementias, such as Alzheimer Disease (AD). A large proportion of HAND is unrecognized by the HIV patients, or the asymptomatic neurocognitive impairment (ANI). 10 In the HIV patients on HAART, a near-normal lifespan today was found. It is a challenge to distinguish neurodegenerative dementias from HAND and investigate the association between HIVand dementia. 11, 12 Turner et al reported of a patient with common pathology of HAD and AD. 13 Green at al suggested an association between HIV and amyloid-beta (Aβ) accumulations in the brain. 14 Intra-neuronal accumulation of Aβ could cause the damage and cognitive impairment. 15, 16 Moreover, in a study of 80 HIV-infected individuals, microglia activation due to the HIV replication in the brain could cause an accumulation of amyloid-beta. 17 Furthermore, the HAART could not only reduce the HIV in the brain, but also potentially neurotoxic drugs, which could contribute to the secondary declines in the cognitive function. 18 The HIV-infected patients in Taiwan could receive free HAART, paid by the budget provided by Taiwan's Center for Diseases Control, Ministry of Health and Welfare, once the diagnosis has been confirmed. However, there were 28.9% of patients with HIV infections (5173 in 17,903) and 7.4% of patients with AIDS (120 in 1629) who have not been receiving HARRT in a 15-year cohort study. 19, 20 Therefore, whether HIV infections and HARRT are associated with dementia is an important topic. Investigation on the association between HIV infections and the risk of dementia among older patients living with HIV is therefore needed.
This study aimed to investigate the association between HIV and neurodegenerative dementias in the modern HAART era, as well as the relationship with the HAART among older patients living with HIV. We hypothesize that we could assess the incidence of dementia diagnosis in the HIV patients aged ≥ 50 years, by using the National Health Insurance Research Database (NHIRD), a claims database retrieved from the whole population of Taiwan.
Methods

Data Sources
The National health insurance (NHI) Program, a mandatory and universal health insurance program in Taiwan, has been launched since 1995, which covered contracts with 97% of the medical providers with approximately 23 million beneficiaries or more than 99% of the population. 21 The details of this program were documented in several previous studies. [22] [23] [24] The NHIRD contains comprehensive and detailed data regarding the total outpatient and a subset of the NHIRD, as a two million Longitudinal Health Insurance Database (LHID), with individual diagnoses coded by the International Classification of Disease, Ninth Revision, Clinical Modification (ICD-9-CM). Several previous studies have confirmed the accuracy and validity of the diagnoses as myocardial infarction, 25 diabetes, 26 oral cancer, 27 and stroke, 28 in the NHIRD.
Ethics
This study was conducted in accordance with the Code of Ethics of the World Medical Association (Declaration of Helsinki). The Institutional Review Board of the Tri-Service General Hospital approved this study and waived the need of individual consents since all the identification data were encrypted in the NHIRD (IRB: 1-106-05-055).
Study Design And Sampled Participants
This is a retrospective matched-cohort research using the LHID between January 1, 2000, and December 31, 2015. Subjects aged 50 years or older with a diagnosis as HIV (ICD-9-CM codes of 042, 043, 044, and V08) were selected. Each HIV-infected patient was required to receive a diagnosis in an inpatient setting or at three or more outpatient visits in a consecutive year, who had undergone the examinations for HIV viral loads or CD4+ counts identified by the NHI order codes in the NHI system (12071A, 12071B, 12073A, 12073B, 12074A, 12074B, 14074B, and 26017A) within the first oneyear study period. A 1:3 sex-, age-, and index year-matched controls were randomly selected for each HIV patient. The exclusion criteria for the cohorts were unknown sex, subjects diagnosed with dementia or HIV before the index date, or <50 years old during the study period. The index date was defined as the time when the individuals were first diagnosed with an HIV infection within the one-year study period. Whether the HIV patients received HAART therapy after diagnosis during the follow-up period was identified using the antiretroviral medicine order code and the prescription dates from the inpatient and outpatient claim data.
Outcomes
All of the HIV participants and controls were followed from the index date until the onset of dementia, death, withdrawal from the NHI program, or the end of 2015. Patients diagnosed with dementia were identified by ICD-9-CM codes with Alzheimer's dementia (AD, ICD-9-CM 331.0), vascular dementia (VaD, ICD-9-CM 290. 41-290.43) , and other dementia (ICD-9-CM 290.0, 290.10-290.13, 290.20-290.21, 290.3, and 290.8-290.9).
In Taiwan, the clinical diagnosis of dementia must conform to the criteria from the Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV), or the Diagnostic and Statistical Manual of Mental Disorders-IV, Text Revision (DSM-IV-TR), with a history of decline in the cognitive function and activities of daily living for more than six months. The blood tests including the venereal disease research laboratory, thyroid function, complete blood count, fasting sugar, glutamic-oxaloacetic transaminase, glutamic-pyruvic transaminase, blood urea nitrogen, creatinine, serum B12 and folic acid levels, cognitive function tests, such as Mini-Mental status examination (MMSE), and neuro-image studies, with either brain computerized tomography or magnetic resonance image, were conducted to differentiate the etiology of dementia. The diagnostic work-up must be performed and confirmed by a certificated neurologist or psychiatrist. 29 
Covariates
The covariates include sociodemographic and comorbidities. Sociodemographic characteristics included sex, age, education, monthly income, urbanization level, and regions of residence. The monthly income has been divided into three categories in New Taiwan Dollars [NT$]: <18,000, 18,000-34,999, ≥35,000. The urbanization level was defined by population and certain indicators of the city's level of development. Level 1 urbanization was defined as having a population greater than 1,250,000 people and a specific status of political, economic, cultural and metropolitan development. Level 2 urbanization was defined as having a population between 500,000 and 1,250,000 and an important role in the Taiwanese political system, economy and culture. Urbanization levels 3 and 4 were defined as having a population between 150,000 and 500,000 and less than 150,000, respectively. 30 Comorbidities included diabetes mellitus (ICD-9-CM 250), hypertension (401.1, 401.9, 402.10, 402.90, 404.10, 404.90, 405.1, and 405.9), hyperlipidemia (272.x), coronary artery disease (410-414), obesity (278), all cancers (140-208), depressive disorders (296.2x, 296.3x, 300.4, and 311), bipolar disorder (296.0x, 296.1x, 296.4x, 296.5x, 296.6x, 296.7x, 296.8x, and 296.9x), anxiety disorders (300, except 300.4), alcohol use disorders (303 and 305.00-305.03), substance use disorders (304 and 305), and insomnia (307.4 and 780.5).
The Charlson comorbidity index (CCI) is one of the most widely used comorbidity index. 31, 32 CCI consists of 22 conditions, 33 including diabetes, cerebrovascular disease, and hemiplegia (stroke), 34 which were mostly associated with AD.
Statistical Analysis
The SPSS software version 22 (SPSS Inc., Chicago, Illinois, USA) was used to conduct the statistical analyses. The Pearson chi-square test was used for the analysis of categorical data. Continuous variables presented as the mean (± SD) were analyzed using the two-sample t-test. To investigate the risk of AD, VaD, and other dementia for patients with and without HIV, a multivariate Cox proportional hazards regression analysis was used to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs), adjusting for sociodemographic characteristics, and comorbidities. The Fine and Gray's model was used to conduct competing risk analysis for the association between HIV, dementia, and death. The Kaplan-Meier method was used to determine the difference in the risk of dementia for the HIV patients and control groups using the log rank test. The effect of HAART on the incidence of dementia by stratifying the HAART status among the HIV subjects was also analyzed. A p value <0.05 was considered statistically significant.
Results
Sample Characteristics
A total of 1,261 HIV-infected patients and 3,783 controls matched for age, sex, and comorbidity were included from the study period (Figure 1 ). At the baseline for this study, the mean age (±SD) of the HIV patients was 59.37±8.33 years and 86.28% were male. The demographic characteristics and covariates of the two groups are summarized in Table 1 . There were no significant differences in age group, sex, education, and monthly insurance premiums between the HIV patients and the controls. When compared with the controls, the HIV patients tended to have higher proportions of diabetes, hypertension, hyperlipidemia, coronary artery disease, depression, and substance use disorder. In addition, the HIV patients tended to have lower CCI-R scores and higher rates living in level 1 or 2 urbanization region, and in the north of Taiwan. The HIV group tended to seek medical care from the medical centers and regional hospitals.
No Association Between HIV And The Risk Of Dementia
During the 15-year follow-up period, 25 in the HIV cohort (N= 1,261) and 227 in the control group (N= 3,783) developed dementia (656.25 vs 913.15 per 100,000 person-years). Table 2 depicts the results of the analysis on the association between the HIV infections and the risk of developing dementia, which were analyzed by the Fine and Gray's competing analysis model. The adjusted HR of the HIV cohort in the development of dementia was 0.852 (95% CI: 0.189-2.886, p =0.415) after adjusting for sex, age, CCI scores, comorbidities, geographical region, and the urbanization level of residence, level of care, and monthly income. However, patients with depression (p =0.001), alcohol use disorders (p =0.006), and higher CCI scores (p <0.001) were associated with an increased risk of dementia. Subjects with the comorbidity of cancer were associated with a lower risk of dementia (p <0.001). Patients who lived in the residence of Urbanization level 3 were associated with a marginally lower risk of dementia (p =0.050). Patients who were treated in medical centers (p =0.003) and regional hospitals (p =0.011) also had a lower risk.
The HIV infections were not associated with an increased risk of either types of dementia, such as AD (p =0.365), VaD (p =0.964), or other dementia (p =0.409), when compared to the control group (Table 3) .
Kaplan-Meier Model For The Cumulative Incidence Of Dementia
The Kaplan-Meier analysis for the cumulative incidence of dementia revealed no differences between the HIVinfected individuals and the control group (log rank test P=0.852, Figure 2 ) as being statistically significant in AD, VaD, and other dementia. The HR Of Overall Dementia, AD, VAD,
And Other Dementia In The HIV-Infected Patients With Or Without The Usage Of HAART
The Kaplan-Meier analysis for the cumulative incidence of dementia revealed no differences between the HAART users and the non-users (log rank test p=0.864, Figure 3 ). Table 4 shows that the HIV patients with HAART (N=746) were compared to those without (N=515). The mean proportion of days covered by HAART within the study period was 88.4±18.7 in the HIV subjects with HAART. While only one subject (0.13%) developed dementia in the subgroup with HAART, 24 (4.6%) developed dementia in those without HAART within the followup period. The HAART was not associated with the risk of dementia when compared to the group without HAART (adjusted HR =0.030 [95% CI: 0.001−168.45, p= 0.885]).
Discussion
No Association Between HIV Infection And The Risk Of Dementia
In this nationwide cohort study, we identified HIV patients aged older than 50 and found that HIV was not associated with the increased risk of dementia diagnoses in comparison to the control group. The cumulative incidence rates of dementia were 1.9% in the HIV group, which were close to two previous studies 35, 36 of the prevalence of HAD in the HIV patients with rates of 1-2%, as a result of the effect of HAART. Therefore, this is a representative sample in the general population. The evolution of the HIV virulence in response to the antiretroviral therapy on a widespread scale was also elicited in the modern HAART era. Although empirical evidence remains scarce, several studies have predicted the evolutionary trends towards a low level of virulence, and attenuation of the HIV with the simulation model, 37, 38 postulating the trade-off theory which described an adaptive balance between transmission and virulence. 39, 40 One study in Uganda reports that the set-point viral load, which is the most common measure of virulence, has declined over the last 20 years. 41 However, the reason why HIV infections were not associated with the risk of dementia, contrary to the findings in two previous cross-sectional studies, 36, 42 needs further research.
Comparison To Previous Literature
One previous nationwide retrospective study in Taiwan reported a higher risk of psychiatric disorders among the HIV patients, including anxiety, depressive disorder, substance and alcohol use disorder, but the risk of dementia was not analyzed. 43 About half of the HIV-infected individuals on HAART in the US sustained from a mild neurocognitive deficit instead of HAD. 44, 45 Previous cross-sectional studies have demonstrated that old age in an HIV patient is associated with a higher risk of dementia. 36, 42 One previous cohort study, using data from a geographically based program for the neurocognitive impairment in the HIV patients, found a high incidence of several neurologic disorders, such as distal sensory polyneuropathy, HAND, epilepsy, and other minor neurocognitive disorders. 46 A retrospective study using the NHIRD found the risk of several neurological disorders, such as central nervous system infections, cognitive disorders, and neuropathy in the HIV patients with HAART, and the increased risk was found between old age at the HIV diagnosis and cognitive disorders. 47 In the present study, we examined the association between an HIV cohort aged ≥ 50 and the risk of dementia, instead of a wider range of cognitive disorders in all age groups.
The Role Of HAART And The Risk Of Dementia
Either with or without the usage of HAART was not associated with the risk of dementia in the present study. Whilst the advent of therapy against HIV is drastically protective against the most severe forms of HAND, there has still prevailed a large proportion of cognitive impairment in the modern era. 35 Several previous studies found the cognitive deficit of the HIV patients also revealed evidence for a change in the form of neurocognitive impairment associated with HIV. 35, 48, 49 A 30-year longitudinal study for neurological symptoms among 80 HIV patients of a median age of 57, with a systematic neuropsychological and neuroimaging assessment, showed that polyneuropathy, fatigue and mild depression were common diagnoses in the HIV patients undergoing HAART, and the brain images revealed mild age-related atrophic changes rather than HAND or HAD. 50 Although the mixed results of the protective effect of HAARTagainst neurological disorders were found, 35, 51 Tsai et al reported that a higher adherence of HAART significantly decreased the risk of neurological deficits. 47 The present study found that depression, alcohol use disorder, and higher CCI scores were associated with an increased risk of dementia for the HIV cohort. This might well serve as a reminder for the clinicians to recognize the underlying neuropsychiatric symptoms and comorbidities in order to decrease the risk for any delayed diagnosis of the different types of dementia in the setting of geriatric HIV.
Limitations
This study has several limitations that must be considered. First, the diagnoses of dementia identified using LHID may be less accurate than those made in a prospective clinical study. Data on dementia on severity, stage, and care burdens were not available. The fact that no detailed information to assess neurocognitive domains, which were a fundamental aspect of HAND criteria, 51 along with the types of dementia only identified from the ICD codes, may warrant consideration of misdiagnosis error, especially between HAD and AD. Second, older participants with dementia in other medical condition (ICD 294) were excluded from the outcome variables, which may reduce the information bias described above. However, relatively small sample sizes for the HIV subjects older than 50 from Abbreviations: PYs, person-years; HARRT, highly active antiretroviral therapy; adjusted HR, adjusted hazard ratio: adjusted for the variables listed in Table 1 ; CI, confidence interval.
the NHIRD might have resulted in underpowered issues, which was revealed by the wide confidence interval for the HRs. Third, most of the types of dementia in the present study were other types of dementia rather than AD, which is the most common type of dementia (40-60% in all dementias), followed by VaD (20-30% in all dementias), and mixed or other dementias (7-15%) in Taiwan. [52] [53] [54] The likely explanation rests in the nature of the frequently overlapping clinical features between the Alzheimer's type and the other types of dementia, resulting in the difficulties in accurately differentiating the Alzheimer's type from the other types of dementia, which may include a large proportion of AD patients in the clinical setting. In addition, the potential under-detection and the non-difference for the clinical diagnosis of dementia between the HAART users and non-users might exist. However, the impact of underdetection on the non-difference might have influenced both the HAART users and non-users.
Conclusion
This study found that HIV infections were not associated with an increased diagnosis of dementias in patients older than 50, either with or without HAART, in Taiwan. Further research with a prospective design is required to clarify as to whether HIV infections were associated with the risk of dementia and the role of HAART.
